Dynamic Synthesis method is a technique Ibr obtaining the statistics of a desired response engineering quantity for a structure with non-deterministic parameters.
Probabilistic Background
The research described in this paper employs the response surface reliability method approach of probabilistic structural mechanics for determining the statistical structural response characteristics. A more extensive review of the reliability methods is presented by Brown2. To briefly reviewthistechnique, considera limit statefunctiong(X) = Y(X) - 
System Description
In order to examine the applicability of the PDS method for a realistic design problem, a structural system had to be chosen that met several criteria. First, the structure had to be modeled using standard methodology. This was satisfied by using the widely used commercial finite element code, NASTRAN. Next, since tying CMS together with probabilistic methods is an important goal of this research, the size of the model had to be large enough to be able to realize a substantial reduction in computer time due to dynamic reduction. This requirement is satisfied by using a structural system composed of a "disk,"
which is made up of 630 quad4 plate elements and constrained at the center, and two "blades," which are each composed of 24 quad4 plate elements (see Fig. 2 ). To pave the way for future mistuned bladed-disk analyses, the disk was assumed to be deterministic and the blades non-deterministic. For ease of analysis, the standard assumption that in-plane translation and rotations are small has been applied. Finally, the structure had to possess a "generic" level of randomness not easily defined by a single variation in a material or geometric property. A single rv would not be able to capture variations in mode shapes that are independent of variations of natural frequency, for instance. To achieve this goal, each blade was separated into three sections, with two of the sections having a thickness set to be an independent normally distributed primitive random variable. In addition, the density of eachbladeacrossall threesections wasdefinedasa normallydistributedindependent rv, thus giving each bladethreeindependent rv's(seeTable1).
Monte Carlo Baseline Analysis
A Monte Carlo analysis of the original, unsubstructured system using the assumed primitive random variable set was chosen to be a baseline for comparison with PDS. A 1000 sample case was executed, taking over 20 hours of wall-clock time. In addition, MC analysis was required to simulate the modal testing phase of the PDS methodology to obtain the statistics of the dynamic rv's of the probabilistic blade substructures. The NESSUS computer code has a new interface with NASTRAN that manages the simulation, both by creating the random vector set for the given input random variables, and by automatically submitting the jobs. The input random variables can be any defined NASTRAN geometric or material property.
Probabilistic Dynamic Synthesis
The PDS methodology makes use of the residual flexibility method of CMS. This method has been developed by MacNeil 1°, Craig & Chang 11, and Martinez et al. _2. The essential idea in CMS is that substructure modes are truncated since their higher modes will not have a major effect on the combined system modes. The residual flexibility method incorporates the effects of the higher modes by determining their flexibility. A side benefit is that all the elements of the system stiffness matrix can be obtained from test and that the mass matrix can be closely approximated by a unity matrix in the non-boundary partition.
Since all the information can be obtained from test, all the probabilistic information can be incorporated into the system matrices for response analysis. The second is to assume the limit state is insensitive to not only the rotational dofs, but also to the off-diagonal terms in the boundary residual flexibility matrix, which reduces the size of that contribution from 144 to 4 per substructure. These assumptions do not remove these variables from the formulation of the substructure stiffness matrices; instead, it allows the use of the mean value of those variables (or median, as will be discussed later). Admire, et. a115 examined the effect of completely removing the off-diagonal G elements, and calculated a natural frequency error of less than 5% between the exact value and the value obtained using the residual flexibility formulation.
In addition, a substantial reduction in the number of independent rv's is achieved by 
Results
The can now be transformed back to the original coordinates {x } using equations (6) and (7):
The absolute values of this complex vector are then calculated to obtain the physical response values.
As seen above, applying PDS for the forced response solution requires more information from the modal data and the residual flexibility matrices. This increases the number of dynamic rv's necessary to solve the problem, which increases the complexity of the problem in several aspects. To minimize this number, it is important to decide a-priori which internal dot's will either have extemal load applied or require a displacement recovery.
Although the entire modal matrix and residual flexibility matrix are calculated, only those partitionsof themodalmatrixandtheresidual flexibility matrix,alongwith theboundary dofs,arestored.In addition,only thecorrelations with theseadditional dofs aregenerated. 
